
























































































































































図３ 尾部懸垂における酸化ストレスの変動と Cys 添加時の変化























































１）Ilyina-Kakueua, E.I., Portugalov, V.V. and Krivenkova,
N.P. : Space flight effects on the skeletal muscles of
rats. Aviat. Space Environ. Med.,４７：７００‐７０３，１９７６
２）Musacchia, X.J., Steffen, J.M., Fell, R.D., Dombrowski,
M.J., et al. : Skeletal muscle atrophy in response to
１４days of weightlessness : vastus medialis. J. Appl.
Physiol.,７３：４４S‐５０S，１９９２
３）Thomason, D.B., Biggs, R.B. and Booth, F.W. : Pro-
tein metabolism and β-myosin heavy-chain mRNA
in unweighted soleus muscle. Am. J. Physiol.,２５７：
R３００‐R３０５，１９８９
４）Ikemoto, M., Nikawa, T., Takeda, S., Watanabe, C.,
et al. : Space shuttle flight（STS‐９０）enhance degra-
dation of rat myosin heavy chain in association with
activation of ubiquitin-proteasome pathway. FASEB J.,
１５：１２７９‐１２８１，２００１
５）Kondou, H., Miura, M., Nakagaaki, I., Sasaki, S., et al. :
Trace element movement and oxidative stress in
skelrtal muscle atrophied by immobilization. Am. J.
Physiol.,２６２（Endocrinol.Metab.,２５）：E５８３‐E５９０，
１９９２
６）Droge, W. and Holm, E. : Role of cysteine and glutathione
in HIV infection and other diseases associated with
muscle wasting and immunolgical dysfunction. FASEB.
J.,１１：１０７７‐１０８９，１９９７
７）Kano, M., Kitano, T., Ikemoto, M., Hirasaka, K., et al. :
Isolation and characterization of a novel gene Sfig
in rat skeletal muscle up-regulated by spaceflight
（STS‐９０）．J Med. Invest.,（in press）
８）Kim, Y., and Linkswiler, H. : Effect of level of protein
intake on calcium metabolism and on parathyroid
and renal function in the adult human male. J. Nutr.,
１０９：１３９９‐１４０４，１９７９
９）インターネット（http : //www.tec-tsuji .com/
nttgourmet/tec-tsuji/hotnews/spacefood/ index-j .
html）
二 川 健 他２９４
Mechanism of microgravity-induced muscle atrophy and development of effective space
food against the atrophy
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SUMMARY
The elucidate the mechanisms of microgravity-induced muscle atrophy, we focused on
fast-type myosin heavy chain (MHC) degradation and expression of proteases in atrophied
gastrocnemius muscles of neonatal rats exposed to 16-d spaceflight (STS-90). The space-
flight stimulated ubiquitination of proteins, including a MHC molecule, and accumulation of
MHC degradation fragments in the muscles. Semi-quantitative RT-PCR revealed that the
spaceflight significantly increased mRNA levels of cathepsin L, proteasome components,
polyubiquitin, and ubiquitin-conjugating enzyme in the muscles, compared with those of
ground control rats. The levels of µ-calpain, m-calpain, cathepsin B, and cathepsin H mRNAs
were not changed by the spaceflight. We also found that tail-suspension of rats for 10 d or
longer caused the ubiquitination and degradation of MHC in gastrocnemius muscle, as was
observed in the spaceflight rats. In the muscle of suspended rats, these changes were
closely associated with activation of proteasome and up-regulation of expression of mRNA
for the proteasome components and polyubiquitin. Administration of a cysteine protease
inhibitor, E-64, to the suspended rats did not prevent the MHC degradation. Our results
suggest that spaceflight induces the degradation of muscle contractile proteins, including
MHC, possibly through a ubiquitin-dependent proteolytic pathway.
To elucidate whether the ubiquitination was accompanied with oxidative stress, we
measured markers for oxidative stress, such as thiobarbituric acid-reactive substance
(TBARS) and glutathione disulfide (GSSG), in gastrocnemius muscle of tail-suspended rats.
Glutathione (GSH) concentration in the muscle significantly decreased from Day 5 and
reached a minimum value on Day 10. Tail-suspension reciprocally increased concentrations
of TBARS and GSSG in parallel with enhancement of protein ubiquitination, suggesting that
oxidative stress may play an important role in protein ubiquitination caused by tail-suspension.
To prevent ubiquitination associated with oxidative stress, we also administered an
antioxidative nutrient, cysteine, to tail-suspended rats. Intragastric supplementation of 140
mg/rat of cysteine for 2 wks or longer normalized the ratio of GSH to GSSG in the muscle
and suppressed protein ubiquitination and MHC fragmentation, compared with supplemen-
tation of the equimolar amount of alanine. The cysteine supplementation significantly sup-
pressed the loss of hindlimb muscle weight. Our results also suggest that supplementation
of antioxidative nutrients, such as cysteine, may be beneficial to prevent ubiquitination of
muscle protein caused by unweighting.
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